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208a Sunday, February 26, 2012respectively. The presence of high-order, fluorescently-labeledGag oligomers at
themembrane can impact fluorescencemonitoring of the cytoplasmic fraction of
Gag. In addition, cytoplasmic species can confuse the study ofmembrane-bound
Gag complexes. Our work focuses on the use of fluorescence fluctuation spec-
troscopy (FFS) and total internal reflection fluorescence (TIRF) microscopy to
investigate retroviral Gag species, both at the membrane and in the cytoplasm.
A focus of the study is the relationship between cytoplasmic Gag concentration
and the formation of Gag assembly sites at the plasma membrane. FFS monitors
Gag cytoplasmic concentration, while TIRFmonitors the biogenesis of HTLV-1
virus-like particles. Comparison of results fromHTLV-1 andHIV-1Gag reveals
intriguing differences in their assembly pathways. This work is supported by
NIH Grant AI81673, NIH Grant GM064589, a Cancer Center Cancer Biology
Training Grant (T32CA09138), and an American Cancer Society Postdoctoral
Fellowship (PF-11-159-01-MPC).
1047-Pos Board B833
Fluorescence Fluctuation Spectroscopy Applied to Cell-Free Expression,
Chromophore Maturation and Protein-DNA Interaction
Patrick J. Macdonald, Yan Chen, Ming Li, Reuben S. Harris,
Joachim D. Mueller.
University of Minnesota, Minneapolis, MN, USA.
Cell-free expression systems are increasingly being employed as platforms for
biophysical, biochemical, and systems biology experiments. We demonstrate
that combining fluorescence fluctuation spectroscopy (FFS) with cell-free ex-
pression provides quick and quantitative measurements of chromophore matu-
ration, protein-protein interactions and protein-DNA interactions. We perform
the first study of chromophore maturation as a function of temperature, and
demonstrate pronounced temperature dependence of the maturation kinetics
for EGFP, EYFP, and mCherry. The Eyring equation successfully reproduces
the temperature-dependence of the maturation rate for each of the proteins.
Our results for EGFP, EYFP and mCherry provide an explanation for the dif-
ferences in the reported maturation times studied by de novo protein synthesis.
A droplet sample protocol was developed to ensure sufficient oxygenation for
chromophore maturation studies, while preventing evaporation of the sample.
We further demonstrate the feasibility of protein titrations with the droplet pro-
tocol and characterize oligomerization of the nuclear transport factor 2 (NTF2)
over a wide concentration range by brightness analysis. We employ the droplet
setup to study APOBEC3G, a DNA cytosine deaminase enzyme with innate
immune activity against retroviruses, notably HIV-1. Brightness analysis re-
ports the homo-oligomerization of APOBEC3G, which is both concentration
and temperature dependent. Using two-color FFS, we simultaneously measure
APOBEC3G oligomerization and the interaction between APOBEC3G and
single-stranded DNA (ssDNA) in order to characterize the molecular interac-
tions of this important enzyme. This work was supported by grants from the Na-
tional Institutes of Health (GM64589, GM091743).
1048-Pos Board B834
Blinking and Bleaching of Tetramethylrhodamine on DNA Induced by
Paramagnetic Cations
Elana Stennett, Marcia Levitus.
Arizona State University, Tempe, AZ, USA.
Certain proteins require metal cation cofactors to function. The conformations
and dynamics of such proteins are often studied using single molecule fluores-
cence techniques. Blinking of fluorophores can make analysis of single mole-
cule fluorescence data difficult. During the investigation of a manganese-
dependent enzyme that binds DNA, we observed fluorescence fluctuations of
tetramethylrhodamine (TAMRA) when in the presence of manganese, but
not magnesium. This project seeks to understand the origin of fluorescent fluc-
tuations when in presence of certain cations and why they occur.
A DNA strand with an internally labeled TAMRA was studied while in the
presence of divalent calcium, magnesium, manganese, cobalt, nickel, and
zinc. Using fluorescence correlation spectroscopy, the fluctuations of TAMRA
were analyzed. When in the presence of calcium, magnesium, and zinc, the cor-
relation of TAMRA can be described by diffusion only. However, a process
that occurs in the micro-second timescale is present when manganese, cobalt,
and nickel are present. Flash photolysis experiments were done to characterize
the nature of the excited state species that causes fluorescence fluctuations. The
results indicate that a triplet forms while in the presence of manganese but not
magnesium, and only in the presence of DNA. Manganese, cobalt, and nickel
are paramagnetic cations and can induce triplet formation in dyes, while dia-
magnetic cations, like calcium, magnesium, and zinc, do not. This conclusion
is supported through lifetime and photodegradation experiments. When DNA is
present, the cations can induce a triplet at much lower concentrations than when
DNA is not present. This can be explained by the fact that when cations bind to
DNA, they are in closer proximity to the dye.1049-Pos Board B835
Single Molecule Fluorescence Dynamics and On/Off Blinking of Photoac-
tivatable Fluorescent Protein mEos2
Rene Kessler.
Johns Hopkins University, Baltimore, MD, USA.
Blinking, the natural switching of a fluorophore between fluorescent and dark
states, has been well documented for commonly used fluorescent proteins such
as GFP and YFP. However, blinking behaviors of photoactivatable fluorescent
proteins popular in superresolution imaging have not been well characterized.
Blinking fluorophores can be exploited to obtain subdiffraction-limited resolu-
tion, but counting a single fluorophoremultiple times could lead tomisidentifica-
tion of structural features and difficulties in quantifying constituents of cellular
structures. We describe the blinking behavior and related photophysical, photo-
chemical properties ofmEos2, themost widely used photoactivatable fluorescent
protein in super resolution imaging.We analyze variations of single mEos2 mol-
ecules in fluorescence emission, lifetime, andblinking rates and their dependence
on the power of activation and excitation energy.These results are interpreted and
utilized in the context of obtaining superior superresolution images.
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Enhancing Temperature and Pressure Sensitivity of Various Fluorescent
Proteins
Takamitsu Morikawa1, Masayoshi Nishiyama2, Keiko Yoshizawa3,
Toshio Yanagida1, Tomonobu Watanabe3.
1Osaka University, Suita, Osaka, Japan, 2Kyoto University, Kyoto, Japan,
3RIKEN, Suita, Osaka, Japan.
Green fluorescent protein (GFP), a spontaneousfluorescent protein isolated from
Pacific jellyfish, is perhaps the most popular fluorescent probe due to its simple
and easy labeling procedure.UsingGFP as a prototype,many fluorescent protein
variants of different wavelength emissions have been developed by gene engi-
neering. These can be used as indicators for numerous physiological properties
like pH, Ca2þ concentration, and force to study the dynamic states of a living
cell. Here we exploit the dependence of wavelength emissions on temperature
and pressure to develop a fluorescent protein- pressure indicator.
We investigated the temperature and pressure dependencies of Cyan fluores-
cent protein (CFP), GFP, and Yellow fluorescent protein (YFP). For an increase
in temperature, the intensities of all three proteins decreased. However, for
a pressure increase, the intensities of CFP and GFP increased while that of
YFP decreased. We also found a common mutation, an insertion of several gly-
cines into b-strand 7, that enhances the temperature and pressure dependencies
of all three proteins, causing a spectra blue shift in YFP, but not in CFP or GFP.
In this meeting, we will discuss these temperature and pressure dependencies
and the effect of our mutation.
1051-Pos Board B837
Microfluidic Cytometer For Simultaneous High-Throughput Screening of
Fluorescent Proteins on the Basis of Fluorescence Lifetime, Photostability,
and Brightness
Jennifer L. Lubbeck1, Kevin M. Dean2, Lloyd M. Davis3, Amy E. Palmer2,
Ralph Jimenez1.
1JILA at University of Colorado, Boulder, Boulder, CO, USA, 2University of
Colorado at Boulder, Boulder, CO, USA, 3University of Tn Space Institute,
Tullahoma, TN, USA.
Although the excitation/emission spectra of red fluorescent proteins (RFPs) have
been ideally tuned to a window optically favorable for in vivo work, their quan-
tum yields, photostabilities and blinking properties require improvement if they
are to be broadly employed for low-copy or single-molecule measurements. At-
tempts to engineer improved RFPs often result in optimization of one photo-
physical property at the expense of others. We developed a microfluidic-based
cytometer for screening HeLa cell-based genetic RFP-libraries simultaneously
on the basis of fluorescence lifetime (a proxy for quantum yield), photostability,
and brightness. Nine 532 nm excitation beams interrogate each cell in flow. The
first is acousto-optically
modulated (1-50 MHz)
to enable lifetime mea-
surement with phase
fluorimetry. The re-
maining beams act as
a pulse sequence for iso-
lating the irreversible
photobleaching time
constant. A 2D scatter
plot is shown below. Optical-force switching is employed to sort cells based
on any combination of the photophysical parameters. Screening with this instru-
ment enables identification of regions of the structure that synergistically affect
Sunday, February 26, 2012 209aquantumyield and photostability and the sorting capability provides the ultimate
tool for accelerating the development of next generation RFPs.
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Heterogeneity and Kinetics of FRET-Based Ca2D and Zn2D Sensors in
HeLa Cells
Hairong Ma1, Emily A. Gibson2, Philip J. Dittmer1, Kevin Dean1,
Amy E. Palmer1, Ralph Jimenez1.
1University of Colorado Boulder, Boulder, CO, USA, 2University of
Colorado Denver, Aurora, CO, USA.
FRET-based genetically encoded metal-ion sensors coupled with fluorescence
microscopy provide an important tool for real-time imaging of metal-ion ho-
meostasis. The heterogeneity and in vivo kinetics are important sensor proper-
ties, yet are less explored because of lacking available experimental methods.
We present a high-throughput microfluidic method capable of characterizing
the FRET kinetics of metal-ion sensors in mammalian cells, at a throughput
of 15 cells/sec with a time window of a few ms to several seconds. Using
this method, we screened the HeLa cell Zn2þ sensor library and measured
the FRET distribution at single cell level.
We also report the quantitative high-
throughput cellular-level heterogeneity
measurement of cell populations, the clus-
ter map of the Zn2þ sensor FRET change
resolves 4 subpopulations with different
metal response. Finally, we measured the
in vivo sensor kinetics induced by changes
in [Zn2þ] and [Ca2þ]. We observed a> 30-
fold rate difference between the extracellu-
lar and intracellular sensors, and the kinet-
ics are ionophore-dependent.1053-Pos Board B839
Phasor Diagram Analysis of Telomeric G-Quadruplex Stability and Het-
erogeneity
Robert Buscaglia1, David M. Jameson2, Jonathan B. Chaires1.
1University of Louisville, Louisville, KY, USA, 2University of Hawaii,
Honolulu, HI, USA.
Telomeres function to protect the end of linear chromosomes from damage and
degradation. Human telomeres consists of several kilobases of the tandem re-
peat d(TTAGGG), which terminate in a 3’-single stranded overhang capable
of forming G-Quadruplex structures. Telomeric G-Quadruplexes have potential
roles in the maintenance of telomere integrity and the control of telomerase ac-
tivity, an enzyme responsible for elongation of the telomeric overhang that is
over expressed in a wide variety of cancers. Investigation of intramolecular
G-Quadruplexes corresponding to the human telomere is complicated by the
formation of multiple rapidly interconverting conformations. The multiple telo-
mere G-Quadruplex conformations are identified by unique folding geometries
containing distinct connecting loop regions.
Time-resolved fluorescent measurements have been conducted to characterize
the stability and heterogeneity of the telomeric G-Quadruplex forming se-
quence d(AGGG(TTAGGG)3). The fluorescent adenine analog, 2-aminopur-
ine, served as an internal fluorescent probe of G-Quadruplex conformation
and was used to specifically monitor loop regions. 2-aminopurine demonstrates
a complex fluorescent decay upon incorporation into nucleic acid polymers that
can be simplified by transformation of time-resolved data to an (S,G) phasor
diagram. Phasor diagrams were used to monitor G-Quadruplex formation
upon addition of NaCl or KCl and elucidated a unique KCl-dependent transi-
tion. The digestion of G-Quadruplex structure by a single-strand specific nucle-
ase and acrylamide quenching are also evaluated through phasor diagrams. This
work demonstrates the utility of phasor diagrams for the study of nucleic acid
systems and the ability to sensitively monitor complex fluorescent decays that
may complicate analysis through nonlinear regression techniques. Supported
by awards RO1CA35635 and RO1GM077422 from the NCI and NIGMS.
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Phasors Against Artifacts in Low-Frequency Phase Fluorometry and
TCSPC
Martin vandeVen1, Tingting Wu2, Beniamino Barbieri2.
1Hasselt University, Diepenbeek, Belgium, 2ISS, Champaign, IL, USA.
The long fluorescence intensity decays exhibited by Ruthenium metal com-
plexes are used to monitor reduced oxygen conditions in a range of biomedical
and environmental applications. Both low frequency phase and modulation flu-
orometry (MPF) and Time Correlated Single Photon Counting (TCSPC) were
used to monitor these changes. Direct drive-current-modulation and pulsed in-
expensive, bright visible Light Emitting Diodes were employed. Lifetime data
collected at room temperature using fused-silica cuvettes were analyzed in theclassical way and compared with the phasor approach. Phasor plots were used
to further elucidate the effects and removal of artifacts related to LED spectral
cleanliness, emission filter excitation light leakage, measurement range cutoff,
line frequency harmonics interference.
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Chloro- and Bromo-Tryptophan Analogs as Phosphorescent Probes in
Proteins
Broos Jaap1, Dejan M. Petrovic1, Kees Leenhouts2,
Maarten L. van Roosmalen2, Margherita Gonelli3, Giovanni B. Strambini3.
1University of Groningen, Groningen, Netherlands, 2Mucosis BV,
Groningen, Netherlands, 3CNR, Pisa, Italy.
Tryptophan phosphorescence spectroscopy is one of the most sensitive method-
ologies around to study the local protein structure. For proteins in buffer, the
phosphorescence lifetime (tp) directly reports about the local flexibility of
the site with tp ranging from (sub) milliseconds for Trp at a solvent exposed
position to several seconds if the Trp side chain is embedded in a rigid protein
core. Because of the long intrinsic tp of Trp, 6.5 s, the method is extremely sen-
sitive for quenchers e.g. oxygen and its concentration needs to be reduced to
a level of several nM. This extreme sensitivity for quenchers has prevented
widespread use of Trp phosphorescence in molecular biology. Substitution of
the indole ring with a heavy atom is expected to significantly reduce the intrin-
sic tp, and thus the sensitivity for quenchers. We measured intrinsic tp values of
400 ms for 6-chloroindole, 13 ms for 6- bromoindole and 38 ms for 5-bromoin-
dole, demonstrating the potential of these Trp analogs as phosphorescence
probes in proteins. A straightforward approach to produce proteins labeled
with these analogs was not available. We developed before a Trp auxotrophic
strain of Lactococcis lactus able to incorporate Trp analogs in proteins which E.
coli Trp auxotrophs do not translate. However, this L. lactus strain was found
not able to translate bromo- or cloro-substituted Trp analogs. To overcome this,
the aminoacyl t-RNA Trp synthetase enzyme from L. lactus was cloned and
overexpressed in L. lactus together with a single-Trp containing target protein.
This approach resulted in the efficient incorporating (87-91%) of the haloge-
nated Trp analogs and a high protein yield (25-50 mg/L culture). Details of
the methodology are presented as well as the spectroscopic characterization
of the chloro- and bromo-Trp containing proteins.
1056-Pos Board B842
Using Metallic Nanoparticles for Nanometer-Resolution Optical Imaging
in Living Cells: Photophysical Properties and Applications
Laura C. Estrada, Enrico Gratton.
Laboratory for Fluorescence Dynamics, Irvine, CA, USA.
Labeling cells and tissues with fluorescent probes such as organic dyes and
quantum dots (QDots) is a widespread and successful technique for studying
molecular dynamics both in vitro and in vivo. However, those probes usually
suffer from photophysical/photochemical processes, such us blinking and pho-
tobleaching, limiting their utilization. The main challenges in probe design are
to improve single molecule fluorescence detection, and to provide higher stabil-
ity against photobleaching. In the last few years, metallic nanoparticles (NPs)
of various sizes, shapes, and materials have been used as new labels for cellular
microscopy. This is in part because, unlike common organic dyes and QDots,
metallic NPs do not bleach or blink upon continuous illumination, are ex-
tremely stable, very bright and their luminescence spans over the visible spec-
trum. Their excellent optical and chemical properties make them an attractive
contrast agent for cell imaging both in vitro and in vivo. In this work we show
some of their unique properties, and examples that illustrate their capabilities
when used as probes in a single particle tracking experiment.
This work was supported by the National Institutes of Health grant number
P41-RR003155 and the University of California, Irvine.
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Intracellular Dynamics of Lysosomes Following the Disruption of Lyso-
some Associated Membrane Proteins (LAMP)
Jairo Zapata, Christine K. Payne.
Georgia Institute of Technology, Atlanta, GA, USA.
The intracellular degradation of extracellular cargo is a process crucial to main-
taining cellular health. In the classic model, degradation occurs inside the lyso-
some. However an alternative pathway has been proposed in which degradation
occurs inside the late endosome, with the lysosome serving as an enzyme-
storage vesicle. To test this new model, we have disrupted two key lysosomal
proteins, LAMP1 and 2, in intact live cells using endoglycosidase H (Endo H).
Following Endo H treatment, lysosome mobility was measured using live cell
imaging and single particle tracking. Enzymatic activity was measured using
fluorogenic substrates. We found that Endo H treatment alters the morphology
and mobility of the lysosome and leads to alternate degradation pathways
within the cell.
